Insulin autoimmune syndrome (IAS), or Hirata disease, is a rare hypoglycaemic disorder caused by the presence of high titer of insulin autoantibodies (IAA) in patients without previous exposure to exogenous insulin. Even though its pathogenesis is not fully understood, striking evidences link IAS to previous exposure to sulphydryl-containing medications, like alpha-lipoic acid, a widely used nutritional supplement. Although challenging, a careful differential diagnosis from other causes of hyperinsulinaemic hypoglycaemia (such as insulinoma) is mandatory, since these conditions require different therapeutic approaches. In the present study, we report a 35-year-old woman originally from Sri Lanka who was referred to our University Hospital on suspicion of occult insulinoma. Her medical history was positive for endometriosis, treated with estroprogestins and alpha-lipoic acid. The latter supplement was begun 2 weeks before the first hypoglycaemic episode. Our tests confirmed the presence of hypoglycaemia associated with high insulin and C-peptide concentrations. When insulin concentrations were compared using different assays, the results were significantly different. Moreover, insulin values significantly decreased after precipitation with polyethylene glycol. An assay for IAA proved positive (530 U/mL). A genetic analysis revealed the presence of HLA-DRB1*04,15, an immunogenetic determinant associated with IAS. On the basis of clinical data we avoided a first-line approach with immunosuppressive treatments, and the patient was advised to modify her diet, with the introduction of frequent low-caloric meals. During follow-up evaluations, glucose levels (registered trough a flash glucose monitoring system) resulted progressively more stable. IAA titer progressively decreased, being undetectable by the fifteenth month, thus indicating the remission of the IAS.
Learning points:
• Insulin autoimmune syndrome (IAS) is a rare cause of hyperinsulinaemic hypoglycaemia, whose prevalence is higher in East Asian populations due to the higher prevalence of specific immunogenetic determinants. Nevertheless, an increasing number of IAS cases is being reported worldwide, due to the wide diffusion of medications such as alpha-lipoic acid.
• Differential diagnosis of IAS from other causes of hyperinsulinemic hypoglycaemia is challenging. Even though many tests can be suggestive of IAS, the gold standard remains the detection of IAAs, despite that dedicated commercial kits are not widely available.
• The therapeutic approach to IAS is problematic. As a matter of fact IAS is often a self-remitting disease, but sometimes needs aggressive immunosuppression. The benefits and risks of any therapeutic choice should be carefully weighted and tailored on the single patient.
Background
Insulin autoimmune syndrome (IAS) is a rare disease, firstly described by Hirata and colleagues in 1970 (1) and characterised by spontaneous hypoglycaemic episodes in the presence of high titer of insulin autoantibodies (IAAs) in patients without previous exposure to exogenous insulin. Hypoglycaemic episodes can occur during fast or after a meal and can be life-threatening. Mostly due to immunogenetic determinants (2), this condition is the third leading cause of hypoglycaemia in Japan, but case reports or case series are increasingly being published outside this country and in non-Asian populations. Striking evidences link this syndrome to previous exposure to some medications (3), including methimazole, glutathione or alpha-lipoic acid. Like insulin itself, all these drugs are sulphydryl compounds; as a consequence, a molecular mimicry mechanism can be advocated as pathogenetic.
Differential diagnosis from insulinoma is sometimes challenging, but it is important in order to avoid invasive procedures and inappropriate abdominal surgery. The management of IAS is challenging too: on the one side, a high percentage of spontaneous remission is described (estimated in 60-70% of the untreated patients) (4), on the other side, the potential life-threatening nature of the disease warrants pharmacologic immunosuppressive approaches that are not free from side effects.
Case presentation
A 35-year-old woman originally from Sri Lanka presented to the Emergency Department of a peripheral primary care hospital for the sudden occurrence of neurological symptoms (asthenia, blurred vision, aphasia, loss of coordination and partial amnesia). Given the finding of a blood glucose of 38 mg/dL, the patient was treated with intravenous glucose administration with prompt resolution of symptoms. For the recurrence of hypoglycaemia during the short-stay observation period, the patient was admitted to the local General Medicine Unit.
A blood test performed during a subsequent hypoglycaemic episode revealed an insulin value higher than 1000 µU/mL with a C-peptide of 31.8 ng/ mL. Imaging studies (including abdominal echography, abdominal CT, abdominal RM, 68Ga-DOTATOC PET) did not reveal any lesion suggestive for insulin-secreting tumours. In the belief of an occult insulinoma, the patient was then transferred to our University Hospital for further evaluation and possible surgical management.
Investigation
The clinical history revealed no previous significant illnesses, except for endometriosis treated with estroprogestins: the patient had recently changed the route of administration of such medications (previously oral route, currently vaginal route) and had begun a cycle of alpha-lipoic acid just 2 weeks before the first hypoglycaemic episode. Physical examination resulted unremarkable: patient height was 1.65 m, weight was 66 kg and the resulting BMI was 24.2 kg/m 2 .
At baseline, routine tests of blood glucose showed 129 mg/dL and blood insulin 2465 µU/mL; the latter result was obtained using an immunochemiluminometric assay-ICMA (Access Ultrasensitive Insulin, Beckman Coulter Diagnostics). Hormonal examinations were normal and the autoimmune panel was negative.
During another spontaneous hypoglycaemia (blood glucose: 41 mg/dL), hyperinsulinemia (blood insulin: 2294 µU/mL, ICMA) was found associated with an elevated C-peptide level (C-peptide: 12.36 ng/mL).
Insulin concentrations were tested using a different method: with a blood glucose of 62 mg/dL insulin was 247.8 µU/mL when measured with an ICMA and 37.47 when measured with an immunoradiometric assay (IRMA; Insulin IRMA Kit, Beckman Coulter Diagnostics). As previously described (5) a polyethylene glycol (PEG) precipitation test was performed on various insulin samples, revealing a ten-fold reduction in insulin values (e.g. from 2465 to 256 µU/mL and from 2576 to 128.87 µU/mL respectively).
As we suspected an IAS, a blood sample for diagnosis of IAA was drawn. The assay of these autoantibodies gave a frankly positive result (530 U/mL; normal values <0.4) (Fig. 1) . At the same time, a genetic analysis was performed, which revealed the presence of HLA-DRB1*04,15, an immunogenetic determinant already described as associated with IAS (2).
Treatment
The patient's diet was modified with the introduction of high frequent and low-caloric meals, rich in simple sugars, which was associated to reduced hypoglycaemic episodes. Furthermore, a flash glucose monitoring (FGM) system FreeStyle Libre (Abbott) was inserted, demonstrating a progressively more stable glucose level.
Taking into account the high percentage of spontaneous remission of this syndrome, the absence of other associated autoimmune diseases, the effectiveness of the diet modification according to the FGM and the wish of the patient, we decided not to actively treat the condition, avoiding at least initially immunosuppressive treatments. The patient was dismissed with the indication to continue FGM while following the same diet and repeating blood samples for IAA.
Outcome and follow-up
The patient came back at months 2, 6, 11 and 15 during the follow-up. Glycaemic levels detected using FGM were proved durably in the acceptable range, without significant hypoglycaemic episodes (Fig. 2) . At 6 months from the diagnosis, IAA titer resulted 51 U/mL, with a reduction of 90.4% from the baseline (Fig. 1) .
The patient was then advised to gradually give up the prescribed diet, going back to the pre-admission eating habits. IAA titer gradually decreased, and by the fifteenth month were completely undetectable, indicating the complete remission of the disease (Fig. 1) .
Discussion
This case report provides insight into important issues in diagnosis and management of IAS. IAS is a form of hyperinsulinemic hypoglycaemia and is characterised by autoantibodies to endogenous insulin in individuals without previous exposure to exogenous insulin. Since the first description in 1970 (1), more than 380 case of IAS have been reported worldwide (3), mainly in the Japanese population (>90%) where this disease is nowadays considered the third most common cause of hypoglycaemia (6) . The etiopathogenesis of this condition is still a matter of debate. The most widely accepted theory is that IAS results from the interaction of genetic predisposition with environmental triggers, thus leading to the production of IAAs which have a pathogenic role (6) . The presence of HLA-DR4 is a wellknown genetic predisposing factor (2, 7). IAS is often associated with other autoimmune diseases, so that a genetic predisposition on a larger scale can be inferred.
Infections and exposure to certain drugs (3, 5, 8) have been advocated as possible triggers. All the medications associated with IAS are sulphydril and reducing compounds, thus making conceivable the presence of a molecular mimicry mechanism. The association with the use of alpha-lipoic acid was firstly described in Japan in 2003 and successively extensively reported worldwide (3, 5) . Hypoglycaemia is probably the consequence of a mismatch between glucose and free insulin concentration, secondary to the binding and release of secreted insulin by IAA (6, 9) . Clinical manifestations of IAS vary widely in terms of severity, duration of hypoglycaemic attacks and remission rates. Once hypoglycaemia is confirmed by the presence of the Whipple triad (symptoms or signs of hypoglycaemia associated with low plasma glucose concentration and resolution of those symptoms or signs after the plasma glucose concentration is raised), the differential diagnosis with other hypoglycaemic disorders is challenging (10) . In IAS, hypoglycaemia is associated with markedly high insulin (often above >1000 pmol/L, a value that is rarely seen in insulinomas (9)) and C-peptide concentrations, thus confirming the presence of endogenous hyperinsulinism. The gold standard for the diagnosis of IAS is the detection of IAA, but commercial kits for the detection of IAA are not widely available. As a consequence, alternative diagnostic tools were proposed, such as precipitation with PEG, followed by insulin assay in the supernatant (5).
In our patient, a series of different diagnostic tools were used for the diagnosis of IAS. The baseline biochemical features were suggestive for endogenous hyperinsulinemic hyperglycemia. Contemporarily, the difference in insulin levels registered with different assays were suggestive for a laboratory interference and/or for the presence of IAA complexes, as successively demonstrated by precipitation with PEG. Due to the high suspicion of the presence of IAS, we performed an assay for IAA, and their presence supported the diagnosis. During the follow-up, IAAs were assayed again, revealing a progressive lowering in autoantibody titer. This result was in line with the clinical features reported by the patient and with the glucose profiles registered by the FGM system.
Despite the description of frequent spontaneous remission (8) , IAS sometimes needs immunosuppressive treatments. A rational first-line approach consists in small frequent meals with low carbohydrate content in order to reduce postprandial hyperglycaemia and the consequent stimulus to insulin secretion (9, 11) . According to the published guidelines, the medical treatment of autoimmune hypoglycaemia is problematic (10) . Glucocorticoids can be the first medication of choice, where necessary (4, 5) . Among the other second-line therapeutic options, immunosuppressants (azathioprine and 6-mercaptopurine), monoclonal antibodies (rituximab) (12) , plasmapheresis and strategies to reduce insulin release (somatostatin analogues, diazoxide and pancreatectomy), all demonstrated varying efficacy in the management of IAS (4, 11) . Independently from the kind of therapeutic approach adopted, frequent glucose monitoring during the follow-up seems advisable. Because the application of continuous glucose monitoring to this rare condition has been reported as successful (12) , we decided to use a FGM in this case. The pros of the FGM is that this system provides a low-cost non-invasive tool for frequent monitoring of glucose concentrations, enhancing the patient self-monitoring. The cons of this system is that it measures glucose concetrations in the interstitium, thus revealing the presence of hypoglycaemia in delay when compared to glucose assays on capillary blood, underestimates hypoglycaemic episodes and does not provide an acoustic alarm for hypoglycaemic episodes.
In conclusion, IAS is a rare condition, defined by the presence of IAA which are the mediators of hyperinsulinemic hypoglycaemia. IAS is interpreted as an autoimmune disease, even though its pathophysiology is still not fully understood. Specifically, the mechanisms underneath the development of IAA are not completely clear and the genesis of hypoglycaemia has not been explained in detail yet. Moreover, it is still unclear why an autoimmune disease undergoes a spontaneous resolution in the majority of cases even though the antigen (insulin itself) is still present. We wonder whether this condition
